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(54) Fixed type constant velocity universal joint 



(57) There is provided s fixed type constant velocity 
universal joint comprising an outer joint member (1 ) hav- 
ing eight arcuate guide grooves (lb) extending in the 
axial direction in an inner spherical surface (i a) thereof, 
an inner joint member (2) having eight arcuate guide 
grooves (2b) extending in the axial direction in an cuter 
spherical surface (2a) thereof, eight balls (3) disposed 
between the guide grooves (1b) of the outer joint member 
(1 )and guide grooves (2b) of the inner joint member (2), 
and s cage (4) interposed between the outer joint mem- 
ber (1) srtd inner joint member (2) for retaining the bails 



(3). The center ( P) of guide grooves (i t>) of the outer joint 
member (1) is offset from the center (Q) of the inner 
spherical surface (1 a), and the center (Q) of the guide 
grooves (2b) of the Inner joint member (2) is offset from 
ihecerner (O) of theeuter spherical surface (2a) by equal 
distance (F) to opposite sides in the axial direction. The 
constant velocity joint is an undercut tree type constant 
velocity joint and the relationship 0.65 <= S/A <= 0.S5 is 
established, where A stands for the wsli thickness of the 
cage (4), and B the radial displacement of balls (3) at 
maximum joint angle. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the In vention 

(0001] The present Invention relates to a constant velocity universal joint used in power transmission In automobiles 
and various industrial machines, and mom particularly to a fixed type constant velocity universal joint having eight bails. 

« Prior Art 

{0002] Constant velocity un iversal joints are classified into a fixed type not siiding in the axis! direction, and a siidabis 
type Figs. 8a and 8b show s Rzeppa type constant velocity universal joint (hereinafter called 8J type) as a representative 
example of fixed type constant velocity universal joint This constant velocity universal joint comprises an outer ring 1 1 
is as an outer joint member having six arcuate guide grooves 11b extending in the axial direction in an inner spherical 
surface 1 la, art inner ring 12: as an inner joint member having six arcuate guide grooves 12b extending in the axial 
direction in an outer spherical surface 12a. six bails 13 disposed between the guide grooves 1 1b of the outer ring 1 < 
arid guide grooves 12b of the Inner ring 1 2, and a cage 14 fcr retaining the bails 13, 

[00(53] Centers P and Q of the guide grooves 1 1b and 12b are offset from the joint center O by an equal distance jPO 
zc s PQ) to the right and left side in the axial direction. That is. the center P of guide groove 1 lb of the outer ring 1 1 is 
offset from center O of the inner spherical surface ft a to the opening side of the outer ring 1 • by distance PC. The 
center Q of guide groove 1 2b of the inner ring 1 2 is offset from canter O of the outer sphericaf surface 12a to the inner 
side of the outer ring 11 by distance QO. The centers of inner spherical surface 11 a of the outer ring 11 and outer 
spherical surface 1 2a of the inner ring 12 coincide with the joint center O. 
»' [0004] One (not shown) of two shafts to be coupled is connected to the outer ring 1 1 , and other (shaft part 15} is 
connected to the inner ring 12. Accordingly, the inner ring 12 has a tooth profile; i.e. serration or spline, 1 2c to be coupled 
with the shaft part 1 5 . The outer ring f 1 and inner ring 1 2 form a certain angle, and the balls 1 3 guided in the cage 1 4 
are maintained within a plane perpendicular to a bisector of angle 0 formed by the outer and inner ring 1 1 and 12, so 
that the constant velocity of the joint is assured. 
•* [0005] in a fixed type constant velocity universal joint, hitherto, a constant velocity universal joint applicable to high 
angle (maximum joint angfe 50") was an undercut-tree joint (ceiled UJ type) comprising six baits 1 3, but by increasing 
the number of balls and reducing the ball diameter, a more compact UJ type having eight bails with same strength and 
durability has been developed (for example, see Japanese Patent Application laid- open under No. H9-317784). 

9S SUMMARY OF THE INVENTION 

[0006] in a fixed type constant velocity universal joint, when torque is transmitted in a state of forming a working angle, 
in the cage pockets, She balls move in She circumferential direction, and also move in the radial direction at the same 
time (see Fig. 1 ). In the conventional fixed type constant velocity universal joint of six bails, the wait thickness of the 
40 cage has been determined to set the minimum limit to satisfy the displacement of balls in the radial direction at the 
maximum joint angfe, in other words, so that the ball contact point may settle within the cage pocket. This is because 
increase of wall thickness of the cage causes the depth of guide grooves in the outer and Inner tings to be reduced, 
thereby lowering the durability life of the joint at high angle and high load. 

[0007] in the fixed type constant velocity universal joint of eight torque transmission balls realising a more compact 
*> design and lighter weight, it&impontantthatthe strength at high joint angle shouid be kept same as thai of the conventional 
constant velocity universal joint of six balls. To increase the strength of the cage. It is easy to increasing the wail thickness 
of the cage, but by increasing the thickness of the cage, the depth of the guide grooves of the outer and inner rings 
becomes shallower. As the guide grooves of the outer and inner rings become shallow, contact ellipses of bails can ride 
over the guide grooves at high angle and high torque load, and the durability life is lowered. 
so [0008] it Is hence art object of the invention to present afixedtype constant velocity universal joint of eight bails capable 
of satisfying two important functions, that is, assurance of cage strength at high angle and assurance of durability life at 
high angle and high torque load. 

[0009] it is other object of the Invention to present a fixed type constant velocity universal joint of eight bails seeking 
the optimum thickness of cage In order to have the cage strength at high angle and durability life at high angle and high 
ss load equivalent to that of the conventional fixed type constant velocity universal joint of six bails. 

[0010] it is one aspect of the invention to present a fixed type constant velocity universal joint comprising an outer 
joint member having eight arcuate guide grooves extending In the exiai direction in an inner spherical surface, an inner 
joint member having eight arcuate guide grooves extending in the axial direction in an outer spherical surface, eight 
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bate disposed between the guide grooves of the outer joint member and guide grooves of the toner Joint membe r, and 
a cage interposed between the outer joint member and inner joint member for retaining the baits, in which center of 
guide grooves of the outer joint member is offset from center of inner spherical surface, and center of guide grooves of 
the inner joint member is offset from center of outer spherical surface by equal distance to opposite sides in the axial 
s direction, and the relation of 0.45 < B/A .< 0.85 is established, where A stands for the waif thickness of the cage, and 8 
the radial displacement of balls at maximum joint angle. 

[001 1] It is other aspect of the invention to present a fixed type constant velocity universal joint comprising an outer 
joint member having: sight arcuate guide grooves extending in the axial direction in an inner spherical surface, an inner 
joint member having eight arcuate guide grooves extending in the axial direction in an outer spherical surface, eight 

k balls disposed between the guide grooves of the outer joint member and guide grooves of the inner joint member, and 
a cage Interposed between the outer joint member and inner joint member for retaining the balis. in which center of 
guide grooves of the outer joint member ss offset from center of inner spherical surface, and center of guide grooves of 
the inner join! member from center of outer spherical surface, by equal distance to opposite sides in the axial direction, 
and innerspherical surface of the cage is offset from outer spherical surface thereof to the oppositeslde by equal distance 

ts in the axial direction, and further straight portions having straight groove bottoms are provided in guide grooves at the 
outer joint member and inner join- member, and the reiatkm of 0.65 <, S/A £ 0.35 is established, where A stars for the 
wall thickness of the cage, and 8 the radial displacement of balls at maximum joint angle. 

[0012] Value Rl of ratio (F/PCR) of offset amount F to length PCR of line segment linking center of guide grooves of 
the outer joint member or center of guide grooves of the inner joint member and center of balls may be specified in a 

zo range of 0,069 < Rl 3 0.121 . 

[001 3] Contact angie a of guide grooves anci baiis may preferably be in a range of 23° lo 40°. When the offset amount 
F is decreased, trie inversion start angle of wedge angle between guide grooves of the outer joint member and inner 
joint member becomes smaller, and when the wedge angie is inverted, the play of the bails in the guide grooves is 
increased, and hammering sound can be generated. Accordingly, to set the wedge angle inversion start angie at ieast 

as more than the ordinary angle ot vehicle or the like, the contact angle u of guide grooves and balls is set in a range 29" 
to 40°. Herein, the wedge angle refers Jo the angle formed by a common normal of load side contact point of balls and 
guide grooves of outer joint member, and a common normal of load side contact point of bails and guide grooves of 
inner joint member. The ordinary angle of vehicle is generally 9" or less. As the joint angie increases, the wedge angie 
comes to the minus side going down below zero. This change of sign of wedge angie below zero is called inversion of 
wedge angle, 

[001 4J The following table shows the relation of the value R1 of ratio {F/PCR} of offset amou nt F to length PGR of line 
segment linking center of guide grooves of the outer joint member or center of guide grooves of the inner joint member 
and center of bails, contact angle ot, and wedge angie inversion start angle. 



40 



45 




[001 S] As known from Table i , the smaller the contact angie «, the larger becomes the wedge angle inversion start 
angle. Also, the larger the offset amount F, the larger becomes the wedge angie inversion start angle. Therefore, as in 
the configuration described above, by setting the vafue Ri of ratio (F/PCR) of offset amount F io length PGR of line 
segment linking center of guide grooves of the outer joint member or center of guide grooves of the Inn er joint member 
and center of balls in a range of 0.089 .< Rl < 0,121 , and specifying the contact angle « of guide grooves and balis in a 
range of 28 degrees to 40 degrees, the contact ellipse of balis will not be dislocated from the guide grooves to ride over 
the spherical surface, and at least at the joint angle smaller than the ordinary joint angle of vehicle, play of baiis in the 
guide grooves is eliminated, generation of hammering sound is prevented. 

[0016] The fixed type constant velocity universal joint of the invention assures the specified thickness of the cage, 
and realizes a more lightweight and compact structure white having the durability life and high angie strength equivalent 
to that of the conventional fixed type constant velocity universal joint of six balls. 



3 



£P 1 770 298 A1 



[0017] Referring now to the drawings, preferred embodiments of the invention will be described. 
BRIEF OSSCRiFTiON OF THE DRAWINGS 
5 [001 B] 

Fig. 1a is a longitudinal sectional view of a joint for explaining the structure of the invention; 
Fig. lb Is a sectional view oS a cage; 

Fig. 2a is a longitudinal sectional view of joint according to an embodiment of the invention; 
io Fig. 2b is a cross -sect tonal view of the joint shown In Fig.28; 
Fig, 3 is a partial, magnified view of Fig. 2a; 
Fig. 4 is a partial, magnified view of Fig. 2t>; 
Fig. 5 is a partial, magnified view of Fig 3; 

Fig. 6 is a longitudinal sectional view of s joint according to other embodiment; 
» Fig. 7 is a diagram showing the relation of cage strength and allowable load torque in terms of wall thickness of cage; 

Fig. 8a is a longitudinal sectional view of a conventional fixed type constant velocity universal joint: and 
Fig, 8b is a cross-sectional view of the joint shown in Fig. 8a. 

DESCRIPTION Of PREFERRED EMBODIMENTS 

[0013] First, en embodiment of BJ type shown in Figs. 2s. 2b and Fig. 3 is explained. Fig 2a is a longitudinal sectional 
view of a joint, and Fig, 2b is a cross -sectional view of the joint. Fig. 3 is a partial, magnified view of Fig. 2a. 
[0020] As shown: in Figs, 2a, 2b and 3, the fixed type constant velocity universal joint is mainly composed of an outer 
ring 1 , an inner ring 2, balls 3, and a cage 4, The outer ring 1 as outer joint member Is formed like s cup, and a shaft 

»' part for connecting with one of two shafts to be coupled is formed at the closed end side thereof, 'the outer ring 1 has 
a spherical inner circumference, that is. an inner spherical surface 1a, and eight arcuate guide grooves 1b extending in 
the axial direction are formed i n the inner spherical surface fa The inner ring 2 as inner joint member has a tooth profile, 
i.e. serration or spline, 2d to be connected with other one (shaft part 5) of two shafts to be coupled. The inner ring 2 has 
a spherical outer circumfere nee, that is, an outer spherical surface 2a, and eight arcuate guide grooves 2b extending in 
the axial direction are farmed in the outer spherical surface 2a. The guide grooves 1b of the outer ring 1 and guide 
grooves 2b of the inner ring 2 form pairs, and one ball Is disposed in a bail track formed by each pair of guide grooves 
1 b and 2:b. A total of eight balls 3 are retained at equal intervals in the circumferential di recflon by the cage 4, The cage 
4 has concentric cuter and inner spherical surfaces 4a and 4b. and the outer spherical surface 4a spherically contacts 
the inner spherics! surface 1a of the outer ring 1, and the inner spherical surface 4b spherically contacts the outer 

as spherical surface 2a of the inner ring 2, 

[0021] In this embodiment, centers p and Q of the guide grooves 1b and 2b are respectively offset from joint center 
0 by equal distance (PO = 00 ~ F) to the right and left side in the axial direction. That Is, the center (outer ring track 
center) P of guide grooves 1b of the outer ring 1 is offset from the center O of the inner spherical surface 1a to the 
opening side of the outer ring 1 by distance PO. The center (inner ring track center) O of guide grooves 2b of the inner 

40 ring 2 is offset from the center O of the outer spherics! surface 2a to the inner side of the outer ring 1 by distance 00. 
The center of the o uter spherical surface 4a of the cage 4, and the center of the Inner spherical surface 1a of the outer 
ling 1 as the guide surface of the outer spherical surface 4a of the cage 4 both coincide wish the joint center O. Similarly, 
the center of the inner spherical surface 4b of the cage 4, and the center cf the outer spherical surface 2a of the inner 
ring 1 as the guide surface of the inner spherical surface 4b of the cage 4 both coincide with the joint center O. Therefore, 

45 the offset amount (PO = F) of the outer ring 1 is the axial distance between the center P oi the guide grooves 1b and 
the joint center O, and the offset amount (00 ~ F) of the inner ring 2 is the axial distance between the center 0 of the 
guide grooves 2b and the joint center O, and the both are equal to each other. 

[0022] Length PO; J: of fins segment linking center p of guide grooves lb of outer ring i and center o 3 of half 3, and 
length QOj of line segment linking center Q of guide groove 2b of inner ring 2 and center 0 3 of bails 3 are equal to each 

so other, as indicated by PGR in Fig, 2a, Further, as shown in Fig. 3, an angle formed between the line segment linking 
center P of guide grooves tb of outer ring 1 and center 0 :s of ball 3, and the line segment finking joint center O and 
center 0 3 of bails 3 is called outer ring track offset angfe {Jo, and an ancle formed between the line segment Sinking 
center Q of guide grooves 2b of inner ring 2 and center 0 ;s of bail 3, and the fine segment finking joint center O and 
center 0 3 of bails 3 is called inner ring track offset angle jS, and the outer ring track offset angle ffo and inner ring track 

s= pi are equal to each other. 

[0023] En this cortfjgurafion, one {not shown) of two shafts to be coupled and outer ring 1 are connected, and other 
(shaft pari: 5) and inner ring 2 are connected. When the outer ring 1 and Inner ring 2 form a certain sngfs. the balls 3 
guided in the cage 4 are maintained within a plane perpendicular fo a bisector of angle 6 formed by the outer and inner 
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rings i and 2, and therefore the distances P0 3 and QC a from the balf center O s to the guide groove centers P and Q 
are equal to each other {P0 3 = Q0 3 = PGR), so that the constant velocity of the joint is assured. 
[0024] As described above, the offset amount (F = TO = QO) of the guide grooves i b and 2b is set in range of value 
Rl of ratio F/PCR of 0,06$ < Rl < 0.121 , and it is preferred from the viewpoint of assuring the allowable toad torque, 
5 assuring the cage strength, assuring the durability, and assuring the working efficiency, and in this embodiment, {he 
ratio is set at Rl = 0. 504 (or 0,1 038). in a comparative example (fixed type constant velocity universal joint of six balls 
as shown in Fig, 8), a general value of Rl is 0.14, and Rl of the embodiment is considerably smaller than in the 
comparative example. 

[0025] FIG. 4 is a partial, magnified view of Fig. 2b, showing a mutual relation of outer ring i . inner ring 2, and balls 

w 3. Guide grooves 1 b formed in the inner spherteaJ surface 1 s of the outer ring 1 have a Gothic arch cross section, and 
guide grooves 2b formed In the outer spherical surface 2a of the inner ring 2 have also a Gothic arch cross section. 
Therefore, the bails 3 contact the guide grooves 1b of the cuter ring 1 at two points C 11 and C, 3 , and contact guide 
grooves 2b of the inner ring 2 at two points G 21 and C^, Angle a formed by center 0 3 of bails 3 corresponding to line 
segment passing the center 0 3 ot balls 3 and joint center O and contact points C tl> C 1g> C^, Cgg with guide grooves 

is lb and 2b is the contact angle. Contact angles « of contact points C 11: C ia , C S1 , are all equal to each other, and 
set in a range of 28° to 40". The contact angle u of 29° to 49° is smaller as compared with 37° to 45* in the conventional 
undercut-free joint of six bails, fixed type joint ot six balls or fixed joint of eight bails. By setting the contact angle « at 
29* or mora, the contact surface pressure of the guide grooves ami balls can be suppressed, and the durability equivalent 
to the prior art can be obtained, 

so [0028] Fig. 5 is a magnified view in part of Fig. 3 for explaining the inversion start angle of wedge angle. As mentioned 
above, the angle formed by common normal H, of contact point C 1 of bails 3 and guide grooves lb of outer ring 1 , and 
a common normal H 2 ot contact point c 2 of balls 3 and guide grooves 2b of inner ring 2 is called the wedge angle 2t, 
The common norma! H 1 is a three-dimensional straight line linking the contact point of outer ring 1 and bails 3 and bail 
center O a , Similarly the common normal H s is a three-dimensional straight line linking the contact point of inner ring 2 

ss and baiis 3 and bail center 0 3 , As shown in Fig. 6, contact point C t of guide grooves i b of outer ring f and balls 3 is 
inclined to the joint center surface passing through center 0 3 of balls 3 by angle % owing to the arcuate guide grooves 
lb. Similarly, contact point C 9 of guide grooves 2b of inner ring 2 and balls 3 is inclined to the joins center plane passing 
through center C a of bails 3 by angle * owing to the arcuate guide grooves 2b. The wedge angle Is equal to the sum 2x 
of these wedge angles The wedge angle Sx decreases in a certain phase along with increase of joint angle, and Is 

•■» then inverted. The joint angle upon start of inversion of wedge angle 2t is set as 8* or higher, 

[0027] Fig, 8 shows an embodiment of U J type. This embodiment is same as the embodiment In Fig. 1 except that a 
straight portion 1c is provided in the guide grooves lb of the outer ring 1c, that a straight portion 1c is provided in the 
guide grooves 2b of the inner ring 2, and that the spherical centers p and q of the outer spherical surface 4a and inner 
spherical: surface 4b of the cage 4 are offset in the opposite directions by equal distance f in the axial direction, 

35 [0028] Referring hack to Figs, la and lb, in the fixed type constant velocity universal joint of eight balls, the cage 
strength at high angle and durability life at high angle and high load are compared with the conventional fixed type 
constant velocity universal joint of six bails, and the optimum value of the cage wall thickness for achieving the equivalent 
performance is explained. In Fig. a, the joint in Fig. 2a has the maximum joint angle ftmax. The ball appearing at the 
upside in the drawing is indicated by reference numeral 3a, and the phase of this ball 3a is the phase of the ball coming 

« to the innermost side of the cage. The ball appearing at the downside in the drawing is indicated by reference numeral 
3b, and the phase of Shis ball 3b is the phase of the ball coming to the outermost side of the cage. Fig. 1b shows the 
bails 3a and 3b by double dot chain line in the longitudinal sectional view of the cage 4, in which the distance between 
centers of ball: 3a and bail 3b indicated by character 8 is the radial displacement of the ball in the pocket 4c of the cage 
4, The wall th ickness of the cage A is the radial dimension of the peripheral wall of the pocket: 4c, and it is indicated by 

*> character A in Fig, 1b, 

[0029] Supposing the wail thickness of the cage 4 to be A and the radial displacement of the ball 3 in one revolution 
of the joint to txt 8, the wail: thickness A of the cage 4 is defined to satisfy the range of 0.46 < Br A < 0.65 In the BJ type, 
and satisfy the range of 0.65 < B/A < 0.85 in the UJ type. The optimum value range of wall thickness of cage differs 
between the BJ type and UJ type because, as already explained in relation to Fig. 6, the UJ type has straight portions 
so ic and 2c in the guide grooves lb and 2b of the outer and inner rings, and the guide grooves are shallower at the joint 
inner side as compared with she 8J type. 

[0030] The meaning of this numerical value range is Illustrated in Fig. 7, in Fig. 7, the numerical values refer to the 
BJ type, but a similar tendency is noted in the UJ type, too. In the diagram, TI0O torque is a basic torque used in life 
calculation of constant velocity universal joint, and is the torque value determined from the contact stress (Hertz stress) 
ss of the guide grooves and balls of tfte outer ring and inner ring, and it means the torque capable of obtaining a life of 
1 500 hours at 1 00 rpm. As shown in Fig, 7, at B/A < 0,45, in other words, when the cage wall thickness A Is larger mora 
than necessary than the radial displacement 8 of the balls 3 In the pocket 4c of the cage 4, a sufficient strength of the 
cage 4 is assured, but the guide groove depth (inner side) of the inner and cuter rings is too shallow, and the contact 



5 



£P 1 770 298 A1 



ellipse of the balls 3 can: go out of the guide grooves at maximum joint angle, and the load torque is lowered extremely, 
and the joint function can be tost On the other band, at B/A > 0.65, in other words, when the cage wail thickness A is 
not sufficient as compared with the radial displacement 3 of the balls 3 in trie pocket 4c o! t he cage 4, the guide groove 
depth {inner side) of the inner and outer rings is sufficient end the contact ellipse of the balls 3 wifl not go out of the 
guide grooves. To the contrary, the wai! thickness A of the cage 4 is not enough, and the cage strength at high angle 
cannot be assured, in the UJ type having eight bails, a similar tendency as in the BJ type is noted. Since the structure 
is thus different, the numerical value range is also different. 

[0031] Thus, in order to satisfy the both important properties of cage strength at high angle and joint durability at high 
angle, an optimum waif thickness setting of the cage is required, and the range is as specified above {0.46 < B/A s 0,65 
ih she BJ type, and 0.85 < B/A < 0.85 in she UJ type). 



Claims 

1 . A fixed type constant velocity universal joint comprising: 

an outer joint member (1) having eight arcuate guide grooves (Vo) extending In the axial direction in an inner 
spherical surface (1a) thereof, 

an inner joint member {2) having eight arcuate guide grooves (2b) extending in the axial direction in an outer 
spherical surface (2a) thereof, 

eight bails (3) disposed between the guide grooves (lb) of the outer joint member (' ) end guide grooves (2b) 
of the inner joint member (2), and 

a cage (4} Interposed between the outer joint member (1 ) and inner joint member (2) for retaining the baits (3), 
wherein center (P) of guide grooves (1b) of the outer joint member (1) is offset from She canter {0} of the inner 
spherical surface (1 a), and the center (Q) of the guide grooves (2b) of the inner joint member (2) is offset from 
the center (0) of the cuter spherical surface (2a) by equal distance (F) to opposite sides in the axial direction, 
charac ter ized in that constant velocity joint is an undercut free type constant velocity joint and the relationship 
0,65 <~ B/A <~ 0,85 is established, where A stands for the wall thickness of the cage (4), and 8 the radial 
displacement of baits (3) at maximum joint angle, 

2. The fixed type constant velocity universal joint, of claim * , wherein the inner spherical surface (4b) of the cage (4) 
is offset from outer spherics! surface (4a) thereof to the opposite side by ec.ua! distance (f) In the axial direction, 
and that straight portions having straight groove bottoms are provided in guide grooves (1 s, 2D) of the outer joint 
member (1 ) and inner joint member (2), 

3. The fixed type constant velocity universal joint of claim 1 or 2, characterized in that value R1 of ratio (F/PCR) of 
offset amount (F) to length (PGR) of line segment linking center (P) of guide grooves {tb} of the outer joint member 
(1) or center (Q) of guide grooves (2b) of the inner joint member (2) arid center (0 3 ) of the bails (3) is specified in 
a range of 0.089 <~ R1 <- 0. 1 21 . 

4. The fixed type constant velocity universal joint of claim f or 2, characterized in that contact angle of guide grooves 
(1 b, 2b) and bails (S) is in a range of 29" to 40". 
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FIG. la CONTACT POINT OF 
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FIG. 2a 
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FIG. 2b 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 8a 
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